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DUAL BAND, LOW PROFILE OMNIDIRECTIONAL ANTENNA 

FIELD OF THE INVENTION 
[0001] The present invention relates to low-profile antennas, 

and more particularly to dual-band low-profile antennas. 

5 BACKGROUND OF THE INVENTION 

[0002] Various vehicle systems may require an antenna for 
mobile phones, satellite radio, terrestrial radio, and/or global positioning 
systems. Providing several antennas on a vehicle is costly and 
aesthetically displeasing. The antennas are preferably low profile and 
10 small in size. 

[0003] Most Terrestrial communications systems require the 
transmission and/or reception of vertical polarized signals. Terrestrial 
communications systems may require reception and transmission of 
radio frequency (RF) signals in multiple bands. For example, vehicle 
15 systems such as mobile phones and remote assistance services 
transmit and/or receive vertical polarized signals in multiple bands. 

[0004] Mobile phone and remote assistance services 
typically require communication in both the Advanced Mobile Phone 
System (AMPS) and the Personal Communications Services (PCS) 
20 bands. A dual band antenna that communicates in both the AMPS 
(824 to 894 MHz) and PCS (1.85 to 1.99 GHz) bands requires a large 
frequency separation. 
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[0005] In one method, a patch antenna is used for dual band 
communication. However, the patch antenna transmits/receives most 
of its energy perpendicular to the plane of the patch antenna, which is 
not suitable for terrestrial communications. Additionally, patch 
5 antennas are large in size, which is costly and aesthetically 
displeasing. 

[0006] In another method, a Planar Inverted-F Antenna 
(PI FA) is used for dual band communication. While the dual band 
PI FA transmits/receives vertical polarized signals at both frequencies, 
10 the separation between the available frequencies is not suitable for 
communication in both the AMPS and PCS bands. 

SUMMARY OF THE INVENTION 
[0007] A low-profile dual-band antenna according to the 
15 present invention includes a ground plane. An "E"-shaped metal plate 
is located a first distance from the ground plane and includes first and 
second outer extensions and an inner extension of the metal plate. A 
feed tab connects the inner extension and the ground plane. A 
shorting tab connects the inner extension and the ground plane. The 
20 low-profile dual-band antenna communicates first radio frequency (RF) 
signals in a first RF band and second RF signals in a second RF band. 

[0008] In other features, the first RF signals and the second 
RF signals are vertical polarized signals. The low-profile dual-band 
antenna produces a radiation pattern that is omnidirectional in the 
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azimuth plane and vertically polarized in a horizontal plane when 
communicating the first RF signals and the second RF signals. 

[0009] In still other features of the invention, the first RF band 
and the second RF band can be independently tuned. The first RF 
5 band is an Advanced Mobile Phone System (AMPS) band. The 
second RF band is a Personal Communications Services (PCS) band. 
A length of the first and second outer extensions determines a first 
resonant frequency of the low-profile dual-band antenna. A length of 
the inner extension determines a second resonant frequency of the 

10 low-profile dual-band antenna. 

[0010] In yet other features, the low-profile dual-band 
antenna is fed by a cable with a first conductor and a second 
conductor, the first conductor connects to the inner extension, and the 
second conductor connects to the ground plane. The cable excites the 

15 metal plate with respect to the ground plane to transmit vertical 
polarized signals. The low-profile dual-band antenna operates in a 
mobile phone system. 

[0011] Further areas of applicability of the present invention 
will become apparent from the detailed description provided 

20 hereinafter. It should be understood that the detailed description and 
specific examples, while indicating the preferred embodiment of the 
invention, are intended for purposes of illustration only and are not 
intended to limit the scope of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] The present invention will become more fully 
understood from the detailed description and the accompanying 
drawings, wherein: 

5 [0013] Figure 1 is a plan view of a low profile dual band 

antenna according to the present invention; 

[0014] Figure 2 is a profile view of the antenna in Figure 1 ; 
[0015] Figure 3 is a graph showing the input reflection 
coefficient of the antenna as a function of frequency; 
10 [0016] Figure 4A is a plot illustrating the radiation pattern of 

the antenna in a first vertical plane while communicating in the AMPS 
band; 

[0017] Figure 4B is a plot illustrating the radiation pattern of 
the antenna in a second vertical plane while communicating in the 
15 AMPS band; 

[0018] Figure 4C is a plot illustrating the radiation pattern of 
the antenna in a horizontal plane while communicating in the AMPS 
band; 

[0019] Figure 5A is a plot illustrating the radiation pattern of 
20 the antenna in a first vertical plane while communicating in the PCS 
band; 

[0020] Figure 5B is a plot illustrating the radiation pattern of 
the antenna in a second vertical plane while communicating in the PCS 
band; 
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[0021] Figure 5C is a plot illustrating the radiation pattern of 
the antenna in a horizontal plane while communicating in the PCS 
band; 

[0022] Figure 6 is a graph showing the input reflection 
5 coefficient of the antenna as a function of frequency while a length of 
the inner extension of the antenna is varied; and 

[0023] Figure 7 is a graph showing the input reflection 
coefficient of the antenna as a function of frequency while a length of 
the first and second outer extensions of the antenna is varied. 

10 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0024] The following description of the preferred 
embodiment(s) is merely exemplary in nature and is in no way intended 
to limit the invention, its application, or uses. For purposes of clarity, 
15 the same reference numbers will be used in the drawings to identify 
similar elements. 

[0025] Referring to Figures 1 and 2, an antenna 10 includes 
a metal plate 12 that is located a first distance from a ground plane 14. 
The metal plate 12 is E-shaped and includes first and second outer 
20 extensions 16 and an inner extension 18. A feed tab 20 and a shorting 
tab 22 are connected between the inner extension 18 and the ground 
plane 14. 
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[0026] The antenna 10 is a combination of an inductively 
loaded center fed patch antenna and a Planar Inverted-F Antenna 
(PIFA). Center fed patch antennas typically include a feed tab located 
in the center of a metal plate. Center fed patch antennas are 
5 inductively loaded by positioning two shorting tabs on each side of a 
feed tab. For example, an article by C. Delaveaud, P. Leveque, and B. 
Jecko, "New Kind of Microstrip Antenna: The Monopolar Wire-patch 
Antenna", in Electronics Letters, Vol. 30, No. 1, which is hereby 
incorporated by reference, describes an inductively loaded center fed 
10 patch antenna. 

[0027] The structure of the antenna 10 of the present 
invention is accomplished by removing one of the shorting tabs of a 
center fed patch antenna and centering the remaining shorting tab and 
feed tab on the metal plate 12. The shorting tab 22 allows the antenna 
15 10 to be smaller than typical patch antennas. 

[0028] Two parallel slots 24 are formed in the metal plate 12. 
The parallel slots 24 are perpendicular to the shorting tab 22 and are 
located on each side of the shorting tab 22 and the feed tab 20. The 
parallel slots 24 define the first and second outer extensions 16 and the 
20 inner extension 18 of the metal plate 12. 

[0029] By introducing the parallel slots 24, the inner 
extension 18 of the metal plate 12 visually resembles and functions as 
a PIFA. Additionally, the antenna 10 is capable of functioning as a 
typical center fed patch antenna without being adversely affected by 
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the parallel slots 24. Therefore, the antenna 10 has two resonant 
frequencies. 

[0030] The two resonant frequencies of the antenna 1 0 may 
be independently tuned. A length of the first and second outer 
5 extensions 16 (the overall length of the metal plate 12) determines the 
first resonant frequency of the antenna 10, which is similar to a 
resonant frequency of a center fed patch antenna. A length of the 
inner extension 18 determines the second resonant frequency of the 
antenna 10, which is similar to a resonant frequency of a PI FA. Each 

10 of the resonant frequencies of the antenna 10 may be independently 
tuned without adversely affecting the other. 

[0031] The antenna 10 is fed by a cable 26 connected to a 
transceiver 28. The cable 26 includes a first conductor 30 and a 
second conductor 32. For example, the cable 26 may be a coaxial 

15 cable. The first conductor 30 is connected to the feed tab 20, and the 
second conductor 32 is connected to the ground plane 14. The cable 
26 excites the metal plate 12 with respect to the ground plane 14 to 
transmit/receive Radio Frequency (RF) signals. Since the antenna 10 
functions as a center fed patch antenna as well as a PI FA, the antenna 

20 10 transmits/receives vertical polarized signals at both resonant 
frequencies. Vertical polarized signals are ideal for terrestrial 
communications. The radiation pattern of the antenna 10 is 
predominantly omnidirectional in the azimuth plane and vertically 
polarized in a horizontal plane at both resonant frequencies. 
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[0032] The first resonant frequency of the antenna 10 is ideal 
for the transmission/reception of RF signals in the Advanced Mobile 
Phone System (AMPS) band. The second resonant frequency of the 
antenna 10 is ideal for the transmission/reception of RF signals in the 
5 Personal Communications Services (PCS) band. Vehicle systems 
such as mobile phones and remote assistance services require 
communication in both the AMPS and PCS bands. 

[0033] Referring now to Figure 3, the resonant frequencies of 
an exemplary antenna according to the present invention are 

10 illustrated. Simulated results are indicated at 40, and measured results 
are indicated at 42. The simulated and measured results 40 and 42, 
respectively, are comparable. Figure 3 shows two distinct resonances. 
The first resonant frequency, indicated at 44, is approximately 900 
MHz, which is ideal for communication in the AMPS band. The second 

15 resonant frequency, indicated at 46, is approximately 1 .9 GHz, which is 
in the PCS band. The measured results 42 in Figure 3 were recorded 
using a prototype of the antenna 10. The overall length of the metal 
plate 12 for the prototype was 65 mm. Additionally, the inner extension 
18 measured 43 mm. However, other dimensions may be used. 

20 [0034] Referring now to Figures 4A-5C, the simulated gain of 

the antenna 10 is shown at 900MHz (Figures 4A-4C) and 1.9 GHz 
(Figures 5A-5C) in three principle planes. The planes are the X-Z 
plane, the Y-Z plane, and the X-Y plane, respectively. The X-Y plane 
is parallel to the ground plane 14 and the metal plate 12. The X-Z 
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plane is perpendicular to the feed tab 20 and the parallel slots 24. The 
Y-Z plane is parallel to the feed tab 20 and the parallel slots 24. 

[0035] Phi angles indicate the angle of rotation around the Z- 
axis measured from the X-axis. Theta angles indicate the angle of 
5 rotation from the Z-axis. For example, when theta equals 90 degrees, 
the radiation pattern in the horizontal plane is illustrated. Theta of 0 
degrees is a direction perpendicular to the surface of the ground plane 
14. Solid lines represent the level of the vertical polarization strength, 
and dashed lines represent the level of the horizontal polarization 
10 strength. The outer radius of the plots is 5 dB, and the scale is 5 dB 
per division. 

[0036] Figure 4A shows the radiation pattern in a phi cut of 0 
degrees, and Figure 4B shows the radiation pattern in a phi cut of 90 
degrees at 900 MHz. In Figures 4A and 4B, the radiation pattern is 
15 maximum toward the horizon and null toward zenith, which is ideal for 
terrestrial communications. The radiation pattern is similar to that of a 
monopole antenna. Figure 4C shows the radiation pattern when theta 
is equal to 90 degrees. The radiation pattern is omnidirectional in the 
horizontal plane. 

20 [0037] Figure 5A shows the radiation pattern in a phi cut of 0 

degrees, and Figure 5B shows the radiation pattern in a phi cut of 90 
degrees at 1.9 GHz. The radiation pattern is typical of a PIFA and is 
abundant towards the horizon. Figure 5C shows the radiation pattern 
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with theta equal to 90 degrees. As in Figure 4C, the radiation pattern is 
omnidirectional in the horizontal plane. 

[0038] Figures 4A-5C illustrate the operation of the antenna 
10 as a center fed patch antenna at the first resonant frequency and as 
5 a PI FA at the second resonant frequency. The characteristics of the 
radiation pattern meet the needs of typical terrestrial communications 
systems that require the transmission/reception of vertically polarized 
signals that are omnidirectional in the horizontal plane. 

[0039] Referring now to Figure 6, the stability of the first 

10 resonant frequency is illustrated while a length of the inner extension 
18 is varied. For the prototype of the antenna 10, the length of the 
inner extension 18 is varied from 28 mm, indicated at 54, to 53 mm, 
indicated at 56. Figure 6 shows that varying the length of the inner 
extension 18, and thus the second resonant frequency, has little or no 

15 effect on the first resonant frequency, which is indicated at 58. The 
second resonant frequency varied from 2.75 GHz when the inner 
extension 18 measured 28 mm, to 1.6 GHz when the inner extension 
18 measured 53 mm. 

[0040] Referring now to Figure 7, the stability of the second 

20 resonant frequency is illustrated while an overall length of the metal 
plate 12 (determined by a length of the first and second outer 
extensions 16) is varied. For the prototype of the antenna 10, the 
overall length of the metal plate 12 is varied from 35.5 mm, indicated at 
66, to 95 mm, indicated at 68. Figure 7 shows that varying the overall 
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length of the metal plate 12, and thus the first resonant frequency, has 
little or no effect on the second resonant frequency, which is indicated 
at 70. The first resonant frequency varied from 1.05 GHz when the 
overall length of the metal plate 12 measured 35.5 mm, to 800 MHz 
5 when the overall length of the metal plate 12 measured 95 mm. 

[0041] The antenna 10 of the present invention is dual band, 
omnidirectional, and ideal for applications in wireless communications 
products that require vertical polarization at both resonant frequencies. 
The antenna 10 is particularly applicable to vehicular mobile phone and 
10 remote assistance services that require low profile antennas on 
vehicles capable of providing coverage in both the AMPS and PCS 
bands. 

[0042] Those skilled in the art can now appreciate from the 
foregoing description that the broad teachings of the present invention 
15 can be implemented in a variety of forms. Therefore, while this 
invention has been described in connection with particular examples 
thereof, the true scope of the invention should not be so limited since 
other modifications will become apparent to the skilled practitioner 
upon a study of the drawings, specification, and the following claims. 



